Accurate estimation of log weights is dependent on the ability to predict accurately the volume and green density of the wood-moisture complex in the bole of the tree.
The variation of wood density and moisture within boles of trees has been the subject of numerous investigations (Clark and Gibbs 1957, Markstrom and Hann 1972 , Parker 1954 , Stewart 1967 ) that were viewed as academic exercises with limited interest and application. This view, however, has changed. Recent studies have been conducted on biomass (Bones and others 1981, Tritton and Hornbeck 1982) , weight scaling (Mann and Lysons 1972, Wensel 1974 ), wood quality evaluation (Okkonen and others 1972) , logging equipment and design needs (Adamovich 1975 (Adamovich , 1979  Conway 1976), and aerial logging (Dykstra 1975) . In these studies, variability in density and moisture is recognized as an important factor in weight estimation. In many many applications a stand "average" for the weight per unit of volume is appropriate; in others, weight estimates are needed relative to bole location, such as butt, middle, and upper logs.
We examined the density variation of the wood-moisture complex in tree boles of old-growth Douglas-fir {Pseudotsuga menziesii (Mirb.) Franco var. menziesii) and western hemlock (Tsuga heterophylla (Raf.) Sarg.). The study had three objectives:
1. To estimate the relationship between density and height in the tree for the woodmoisture complex in the sapwood and heartwood of old-growth Douglas-fir and western hemlock.
2. To determine the moisture distribution in the sapwood and heartwood of oldgrowth Douglas-fir and western hemlock.
3. To determine the effect of defect in tree stems on the relationship between density and height in the tree for the wood-moisture complex in old-growth Douglas-fir and western hemlock.
Findings presented in this paper will also be incorporated in a future paper with tree bole volume equations to develop a model for estimating bole weight and individual log weights. •^Diameter of the tree bole at 4-1/2 feet above ground level as measured on the uphill side of the tree. Because the material in these zones is extremely variable in moisture content (Stewart 1967) , their inclusion in the sapwood samples had a direct impact on the amount of variation recorded in the sapwood profile. Inclusion also caused the sapwood profile to take on a form similar to that of the heartwood profile ( fig. 8 ).
Western hemlock trees typically contain wide bands of sapwood. This minimized the potential of producing sapwood samples with inclusions of heartwood or wood of the heartwood-sapwood transition zone. The sapwood profile of western hemlock ( fig. 7) was a narrow band of values remaining fairly constant with relative height.
When compared to the sapwood profile of Douglas-fir ( fig. 8 ), recorded differences in variation, previously mentioned, became apparent. For western hemlock, the extremely poor correlation of green sapwood density to relative height (R 2 = 0.02, (Ward and Pong 1980) precludes green heartwood of Douglas-fir from attaining the density of green sapwood.
Dry Sapwood and Heart-The removal of moisture from the sapwood and heartwood produced nearly idenwood Density Profiles tical dry density profiles for these two radial zones within a given species (figs. 9 and 10). Water removal attenuated the fluctuating changes in the density profiles of green wood (figs. 7 and 8) and, except for slightly higher values at the stump and upper bole, the profiles of dry sapwood and heartwood remained fairly constant with relative height.
The predictive functions of dry density for sapwood and heartwood of western hemlock were at approximately the same level; those developed for Douglas-fir showed the density profile of dry sapwood to be consistently lower than that of heartwood. The lower densities were due to the overmature and senescent condition of the Douglas-fir trees included in the sample. Wood of extreme age (that is, age of the wood relative to the pith) is characteristically lower in density (Kellogg 1979, Panshin and DeZeeuw 1970) . Ring counts at the stump gave the average age of the Douglas-fir trees in the sample as 431 years; ring counts of western hemlock averaged 259 years. Average dry density of sapwood from Douglas-fir was 3 lb/ft 3 less than the heartwood ( Generally, heavier weights per unit of volume were recorded for defective logs than for sound logs.
In the past the estimates of green log weight have been determined using a single average green density for a species or a form of running averages (Mann and Lysons 1972, Wensel 1974 
